PIEZOELECTRIC THIN FILM COMPONENT, INKJET TYPE RECORDING HEAD AND 
INKJET PRINTER USING THIS [PIEZOELECTRIC THIN FILM COMPONENT], 
AND METHOD OF MANUFACTURING PIEZOELECTRIC THIN FILM COMPONENT 



BACKGROUND OF THE INVENTION 
1 . Field of the I nvention 

The present invention relates to a piezoelectric thin film 
component and the manufacturing method thereof.. The present 
invention also relates to an ink j et-recording head using the 
piezoelectric component, and an inkjet printer using this [head] . 
The present invention more particularly relates to a new 
improvement of a piezoelectric thin film component where residual 
strain is minimized. 

2 . Descript ion of the Related Art 

An actuator using a piezoelectric thin film component, which 
converts electric energy into mechanical energy or vice versa, 
is used for a pressure sensor , a temperature sensor, an inkjet 
type recording head, and others. In the inkjet type recording 
head, a piezoelectric thin film component is used as an actuator 
to be the drive source of ink ejection. 

This piezoelectric thin film component generally comprises a 
piezoelectric thin film comprised of polycrystalline substances, 
and a top electrode and bottom electrode which are disposed 
sandwiching the piezoelectric thin film. The composition of the 
piezoelectric thin film is generally a binary system in which the 
main component is lead zirconate titanate (hereafter "PZT") , or 



a ternary system where a third component is added to the binary 
system . 

The piezoelectric thin films with such composition are generated, 
for example, by a sputtering method, sol-gel method, MOD process 
(Metal Organic Decomposition process) , laser ablation method and 
CVD method. For example, a ferro-electric substance using the 
binary system PZT is noted in "Applied Physics Letters, 1991, Vol . 
58, No. 11, pp. 1161- 1163 " . Also, piezoelectric materials using 
the binary system PZT is disclosed in Japanese Patent Laid-Open 
No. 6-40035, and in the "Journal of the American Ceramic Society, 
1973, Vol. 56, No. 2, pp. 91 - 96" . 

When a piezoelectric thin film component is applied to an inkjet 
type recording head, for example, a piezoelectric thin film (PZT 
film) with a 0.4 |im ~ 20 jjjti film thickness is appropriate. The 
piezoelectric thin film needs a high piezoelectric charge constant, 
therefore it is normally necessary to perform heat treatment at 
a 700°C or higher temperature to grow crystal grains of the 
piezoelectric thin film. 

When a piezoelectric thin film (PZT film) with a 0 . 5 |j.m or higher 
film thickness is formed, performing heat treatment to obtain a 
high piezoelectric charge constant causes cracks inside the film, 
which is a problem. 

A method disclosed in "Philips J. Res. 47 (1993) pp. 263 - 285" 
is creating a sol or gel composition, baking at high temperature 
to crystallize the piezoelectric thin film, and repeating this 
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process to increase the film thickness of the piezoelectric thin 
film. 

The piezoelectric thin film created by this method, which has a 
multi-layered interface, cannot present good piezoelectric 
characteristics, and processability is poor. Repeating the heat 
treatment also leads to deterioration of piezoelectric 
characteristics, such as crystals losing orientation, 

A piezoelectric thin film is normally formed on a bottom electrode, 
which is formed on a substrate, and heat treatment performed to 
form the piezoelectric thin film causes curvature and strain on 
the substrate, which is a problem. Also good adhesion is required 
between the bottom electrode and the piezoelectric thin film. 

So the present inventor and others considered various ways to 
increase the piezoelectric charge. cons tant of a piezoelectric thin 
film, and discovered that it is effective if the crystals of the 
piezoelectric thin film have a predetermined crystal orientation 
and columnar structure, and also have a crystal structure with 
a grain size of 0.1 jam to 0.5 \xm (Japanese Patent Application No. 
9-288757) . 

However, the present inventor and others further examined and 
discovered the following problem. When an electric field is 
applied to a virgin state piezoelectric thin film component, 
residual strain and polarization strain remain in the 
piezoelectric thin film component, even after the electric field 
is removed, and good piezoelectric strain characteristics 
(displacement characteristics) cannot be obtained. In other 
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words, if an electric field is applied to a piezoelectric thin 
film and this is polarized, the domain (crystal grains) of the 
piezoelectric materials creating the piezoelectric thin film 
moves such that the polarization axis matches with the direction 
of the electric field. Then cavities are generated in the grain 
boundaries of the grains, which seems to be causing residual 
strain. 

SUMMARY OF THE INVENTION 

With the foregoing in view, it is an object of the present invention 
to provide a mechanism that excels in piezoelectric strain 
characteristics, eliminating the influence of residual strain in 
piezoelectric thin films. 

After studying piezoelectric thin films that can achieve such an 
objective in various ways, the present inventor discovered a 
piezoelectric thin film which has the following characteristics. 

No or few foreign substances exist or the abundance of foreign 
substances is low at grain boundaries, which are boundaries 
between crystal grains of the piezoelectric thin film, even after 
performing polarization processing (poling) on the piezoelectric 
thin film component. The width of the grain boundary is 5 nm or 
less. The crystal grain boundary is a discontinuous layer, which 
does not continue the orientation of adjacent crystal grains. 
Here, "foreign substance" shall mean the non-crystallized 
substance separated from crystal grains of the piezoelectric thin 
film. 
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According to the discovery of the present inventor, such a 
structure can be favorably implemented by applying the above- 
mentioned MOD process to manufacturing a piezoelectric thin film 
using a sol-gel method. Foreign substances are compounds which 
are formed by the constituent elements of PZT, but the composition 
is different from PZT. That is, foreign substances are, for 
example, non-crystallized substances separated from crystal 
grains of the piezoelectric thin film. 

An example is lead oxide. (PbO) . The abundance of foreign 
substances after applying an electric field to the piezoelectric 
thin film component can be controlled such that residual strain 
is within a target range. ' For example, 2.5 x 10*" 4 or less is 
preferred. Or a range where the piezoelectric effect can be 
improved, mentioned later, is preferable. A piezoelectric thin 
film where foreign substances exist becomes the cause of residual 
strain after polarization processing, which is clear by the later 
mentioned x-ray diffraction analysis . The residual strain refers 
to the strain when the electric field strength is 0 kv/cm. 

According to the present invention, the residual strain is small 
or almost nonexistent since the shift of the domain of the 
piezoelectric thin film caused by applying an electric field at 
polarization processing or at the driving of the piezoelectric 
thin film component is small. This means that the hysteresis 
characteristic of the piezoelectric thin film component with 
respect to an applied electric field is low. As . a result, a 
piezoelectric thin film component which has good strain-voltage 
(electric field) characteristics and a large displacement can be 
provided. 



For the piezoelectric effect, that is, displacement-voltage 
characteristics of the piezoelectric thin film component of the 
present invention, the piezoelectric constant d 31 to be an index 
is 180 pC/N or more, and it is possible to obtain a 1.2 times or 
higher piezoelectric constant compared with a conventional type. 

Displacement of a piezoelectric film is generated by the shift 
of the relative position of metal atoms and oxygen atoms when 
voltage is applied to the piezoelectric thin film component. As 
a result of the shift of domains, cavities are generated at the 
grain boundaries between domains (between adjacent crystal 
grains). And the existence of these cavities decreases the 
withstand voltage of the piezoelectric thin film. 

The present inventor has confirmed that decreasing foreign 
substances decreases residual strain. Also in the present 
invention, decreasing the width of, the crystal grain boundary of 
the piezoelectric thin film leads to control of the crystal grain 
boundaries themselves, which are the source of cavities which 
cause residual strain. 

It is preferable that crystal grains of the piezoelectric thin 
film be columnar with respect to the top and bottom electrodes, 
and that the crystal plane orientation be a (001) plane orientation 
of the tetragonal system or a (111) plane orientation of the 
rhombohedral system. A (100) plane orientation is also 
acceptable . 



Crystallization of a piezoelectric thin filrr. by a scl-gel method 
or MOD process begins from the lower electrode side, so an 
improvement is required to control the crystal orientation of the 
piezoelectric thin film elements. For this, forming seed 
crystals to form crystals of the piezoelectric thin film on the 
bottom electrode is possible. 

Seed crystals (crystal source) are comprised of titanium, and are 
formed on platinum crystals which comprise the bottom electrode, 
or on the crystal grain boundaries. The above piezoelectric thin 
film has a crystal plane orientation described above, and has a 
columnar crystal structure with a 0.1 [im to 0.5 (jm grain size. 

More preferably, a crystal of piezoelectric film grown using a 
crystal source formed on the crystal grain boundary of the bottom 
electrode as the nucleus is formed on a plurality of crystal grains 
of the bottom electrode. This improves adhesion between the 
piezoelectric thin film and the bottom electrode. 

Another piezoelectric thin film component of the present invention 
is characterized in that the grain size of the above-mentioned 
bottom electrode is set to a preferable grain size for the 
above-mentioned piezoelectric materials to display piezoelectric 
characteristics, and the grain size of the above-mentioned 
crystals of the piezoelectric materials are grown with the 
above-mentioned crystal source as the nucleus, so that [the grain 
size] becomes almost the same value as or higher than the grain 
size of the above-mentioned bottom electrode. 
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An Inkjet type recording head of the present invention is 
characterized in that the above-mentioned piezoelectric thin film 
component is comprised as an actuator. In one embodiment, the 
inkjet type recording head comprises a substrate where ink 
chambers are created, a diaphragm which seals one face of the ink 
chambers and has a piezoelectric thin film component in strain 
vibration mode fixed on the surface, and a nozzle plate which seals 
the other face of the above-mentioned ink chambers and has nozzle 
holes for ejecting ink, and the above-mentioned piezoelectric thin 
film component comprises the piezoelectric thin film component 
described above. 

If island-like seed crystals are formed between platinum crystal 
grains comprising the bottom electrode, then crystals grow in a 
columnar structure using seed crystals as the nucleus and a crystal 
structure with a predetermined plane orientation is created. 
However, to obtain a (111) orientation, this island-like titanium 
is not used. 

If the crystals of the bottom electrode are set to the preferable 
grain size for the : above piezoelectric materials to display 
piezoelectric characteristics and the crystals of the above- 
mentioned piezoelectric materials are grown using the above 
crystal sources as the nucleus, then the crystal grain size of 
the above-mentioned piezoelectric materials can be a value almost 
equal to or higher than the grain size of the bottom electrode. 
In other words, a grain size which exceeds the grain size of the 
bottom electrode can be implemented because in this structure a 
crystal of the piezoelectric thin film can be formed on a plurality 
of crystals of the bottom electrode. If the crystal sources are 
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formed on the grain boundaries which are hardly influenced by the 
orientation of the crystals of the bottom electrode, then the 
crystals of the piezoelectric thin film can be grown using the 
crystal sources as the nucleus, and as a result the targeted 
orientation of the crystals of the piezoelectric thin film can 
be implemented . 

The present invention is also characterized in that in a 
piezoelectric thin film component comprising a piezoelectric thin 
film which strains when an electric field is applied, the residual 
strain of the above-mentioned piezoelectric thin film is 2.5 x 
1CT 4 or less. The piezoelectric constant is preferably 150 pC/N 
or more. The present invention is also characterized in that [the 
present invention] is an actuator using these piezoelectric thin 
film components as an oscillation source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic depicting a structure of a piezoelectric 
component in accordance with the present invention; 

Fig. 2 is cross-sectional views depicting the manufacturing 
process of the . piezoelectric thin film component; 

Fig. 3 is schematics depicting the PZT crystal formation 
process confirmed by a scanning electron microscopy (SEM) ; 

Fig. 4 is its actual electron microscopic photograph; 

Fig. 5 is a chart of x-ray diffraction analysis (XRD) when 
a piezoelectric thin film PZT is formed on the bottom electrode 
where island-like titanium is formed; 

Fig. 6 is a chart when the island-like titanium is not formed; 



Fig. 7 is an XTEM image of the piezoelectric thin film 
obtained here; 

Fig. 8 is an XTEM image of a piezoelectric thin film created 
as a comparison example of the present invention; 

Fig. 9 is a characteristic diagram of the comparison example 
indicating the measurement result when the residual strain of the 
present invention and the comparison example were measured under 
conditions where temperature is constant and the electric field 
is gradually increased and decreased; 

Fig. 10 is a characteristic diagram indicating the 
measurement result when the residual strain of the present 
invention and the comparison example were measured under 
conditions where temperature is constant and the electric field 
is gradually increased and decreased, and a result when [the 
samples were] created by MOD process; 

Fig. 11 is a diagram to show an electron beam diffraction 
pattern obtained under the conditions of the selected-area 
diffraction in a test on foreign substances in grain boundaries 
of a piezoelectric thin film, and indicates a pattern of the 
comparison example; 

Fig. 12 is a diagram to show an electron beam diffraction 
pattern obtained under the conditions of the selected-area 
diffraction in a test on foreign substances in grain boundaries 
of a piezoelectric thin film, and indicates a pattern of the 
present embodiment; 

Fig. 13 is a cross-sectional view depicting one ink-filled 
chamber of an inkjet type recording head where the piezoelectric 
thin film component in accordance with the present invention is 
used as an actuator; 



Fig. 14 is an electron microscopic photograph indicating the 
crystal structure of the piezoelectric component in accordance 
with the present invention, and is a cross-section in the film 
thickness direction; 

Fig. 15 is an electron microscopic photograph, and is a 
crystal structure on the plane of the PZT thin film. 

[Explanation of reference numerals and signs in the drawings] 

1. Silicon substrate 

2. Silicon oxide film 

3. Titanium oxide film 

4. Bottom electrode 

5. Top electrode 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will now be described with 
reference to the accompanying drawings. In the present 
embodiments, a case when a PZT film is formed as a piezoelectric 
film is described. Fig. 1 is a schematic depicting a structure 
of a piezoelectric component in accordance with the present 
invention. As Fig. 1 shows, the piezoelectric thin film component 
comprises a silicon substrate 11, a silicon oxide film formed on 
the silicon substrate 11, a titanium oxide film (Ti/Ti02/Ti, etc.) 
13 formed on the silicon oxide film 12, a bottom electrode 14 formed 
on the titanium oxide film 13, a PZT film formed on the bottom 
electrode 14, and a top electrode 16 formed on the PZT film 15. 
The titanium oxide film is for improving adhesion between the 
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bottom electrode and the PZT thin film. The top and bottom 
electrodes respectively are comprised of platinum for example. 

The PZT film is comprised of a polycrystalline substance, and the 
grain boundaries of the crystal grains exist roughly in a vertical 
direction with respect to the planes of the top and bottom 
electrodes 14 and 16, that is, in the film thickness direction 
of the piezoelectric thin film, as Fig. 14 and Fig. 15 show. In 
other words, the crystal grains of PZT are in a columnar structure, 
as described later. 

The crystal structure of the PZT film 15 is mainly oriented in 
one of the crystal plane orientations described above. 

"Degree of orientation" here is defined as, for example, 
I (XYZ) / (I (100) + I (110) + I (111)) 

where the reflection strength of a plane in a plane orientation 
(XYZ) of the PZT film is I (XYZ) according to the wide angle XRD 
method . 

For the PZT film 15, a composition in which the main component 
is a binary system, or a composition in which the main component 
is a ternary system, where a third component is added to the binary 
system, is favorable. A preferable example of the binary system 
PZT is one having a composition represented by chemical formula 
Pb (Zr^i^J 0 3 + YpbO 
(where 0.40 < x < 0.6, 0 < Y < 0.3) . 
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A preferable example of the ternary system PZT is one having a 
composition represented by the following chemical formula where 
the third component is added to the above-mentioned binary PZT. 

PbTi a Zr b (AgBh) c 0 3 + ePbO + (fMgO) n 

(where A is a bivalent metal selected from a group of Mg, Co, Zn, 
Cd, Mn and Ni, or a trivalent metal selected from a group of Sb, 
Y, Fe, Sc, Yb, Lu, In and Cr . B is a pentavalent metal selected 
from a group of Nb, Ta and Sb, or a hexavalent metal selected from 
a group of W and Te . 

a + b + c = 1, 0.35 < a < 0.55, 0.25 < b < 0.55, 0.1 < c < 0.4, 
0 < e < 0.3, 0 < f < 0.15, c, g = f = 1/2 and n = 0, however if 
A is a trivalent metal and B is not a hexavalent metal, or if A 
is a bivalent metal and B is a pentavalent metal, then g is 1/3 
and h is 2/3, and only if A is Mg and B is Nb, n is 1.) 
A preferred example of the ternary system is magnesium-lead 
niobate, that is, a compound where A is Mg, B is Nb, g is 1/3 and 
h is 2/3. 

For both the binary system PZT and ternary system PZT, a very small 
amount of Ba, Sr, La, Nd, Nb, Ta, Sb, Bi, W, Mo and Ca may be added. 
For the ternary system, in particular, adding 0.10 mol% or less 
of Sr or Ba is preferred to improve the piezoelectric 
characteristics . For the ternary system, adding 0 . 10 mol% or less 
of Mn or Ni is preferred to improve the degree of sintering. 

Next a method for manufacturing a piezoelectric thin film 
component having this structure will be described with reference 
to the drawings. Fig. 2 (a) to Fig. 2 (c) are cross-sectional 
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views depicting the manufacturing process of the above-mentioned 
piezoelectric thin film component. In the process shown in Fig. 
2 (a) , thermal oxidation is performed on the silicon substrate 
11 to form a silicon oxide film 12 with a 0.3 |.im - 1.2 p film 
thickness on the silicon substrate 11 . Then a titanium oxide film 

13 with a 0.01 (iiu to 0.04 \Am film thickness is formed on the silicon 
oxide film 12 by a sputtering method. Then the bottom electrode 

14 comprised of platinum is formed on the titanium oxide film 13 
by a sputtering method such that the crystal grain size becomes 
0.01 jira to 0.3 (am and the film thickness becomes 0 . 2 \xra - 0 . 8 pm. 

In the process shown in Fig. 2 (b) , island-like titanium is formed 
using a sputtering method on the bottom electrode 14 formed in 
the process shown in Fig. 2 (a). The island-like titanium can 
be formed by forming the film thickness of this titanium to be 
40 to 60 angstrom. 

The crystal structure of the piezoelectric thin film grown using 
this titanium as the crystal source has a (001) or (100) plane 
orientation, and a crystal grain size of 0.1 pjti to 0 . 5 (jm. The 
process to form island-like titanium is not used if the crystal 
system of the PZT thin film is to be a rhombohedral system (111) . 

This manufacturing method is a method for adjusting inorganic 
oxide by baking stably-dispersed sol while controlling the 
hydrolysis of metal alkoxide and acetate using alkanol amine or 
ace tylacetone . This manufacturing method is comprised of the 
following processes. 
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a. sol composition film formation process 

In the present embodiment, the composition for manufacturing a 
PZT thin film can be adjusted by dispersing alkoxide or acetate, 
which are metal components of sol for comprising PZT film and which 
can form the PZT film, in a main solvent, 2-n-butoxyethanol , for 
example. At this time, 2,2' iminodiethanol (hydrolysis inhibitor 
for alkoxide or acetate) is also added to the solution. 

In the present invention, the composition of the above-mentioned 
PZT film can be obtained by controlling the composition of metals 
in sol. In other words, alkoxide or acetate in titanium, 
zirconium, lead and other metal components is used as starting 
material . 

An advantage here is that the composition of metal components 
comprising the PZT film is almost fully maintained until the final 
PZT film (piezoelectric thin film) is formed. This means that 
changes of metal components, especially a lead component, caused 
by evaporation and other factors during baking and annealing are 
extremely few, therefore the composition of metal components in 
these starting materials is the same as the metal composition in 
the PZT film which is finally obtained. Therefore the composition 
of sol is defined according to the piezoelectric film (the PZT 
film in this embodiment) to be generated. 

Also in the present embodiment, it is preferred to set the lead 
component in sol to be a maximum of 20 mol%, preferably 15 mol%, 
more than the stoichiometric requirement, so that the PZT film 
obtained will not have the above-mentioned lead component shortage 
due to the evaporation of lead components. 



In the present embodiment, it is preferred that sol be used as 
a composition mixed with an organic high molecular compound . This 
organic high molecular compound absorbs the residual stress of 
the thin film during drying and baking, so that cracking of the 
thin film is effectively prevented. In concrete terms, the use 
of gel containing organic high molecules generates pores in the 
gelatinized thin film, which is described later. These pores 
absorb the residual stress of the thin film during the pre- 
annealing and annealing process, which are also described later. 

The preferred organic high molecular compounds used here are 
polyvinyl acetate, hydroxypropyl cellulose, polyethylene glycol, 
polyethylene glycol monomethyl ether, polypropylene glycol, 
polyvinyl alcohol, polyacrylic acid, polyamide, polyamic acid, 
acetylcellulose and its derivatives, and copolymers of these 
compounds . 

In the present embodiment, a porous gel thin film, where a large 
number of about 0 . 05 jam sized pores exist, can be formed by adding 
polyvinyl acetate, and a porous gel thin film where 1 jam or less 
sized pores are distributed over a wide range can be formed by 
adding hydroxypropyl cellulose. 

' In the present embodiment, a mean molecular weight of 285 ~ 800 
is preferable for polyethylene glycol. Also a mean molecular 
weight of 300 - 800 is preferable for polypropylene glycol. 
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In the manufacturing method in accordance with the present 
embodiment, the sol composition is coated on the bottom electrode 
14 (see Fig. 2 (b) ) where the PZT film 15 is to be formed. The 
coating method at this time is not particularly restricted, but 
normally used methods, which are for example, spin coat (1500 
turns/minute), dip coat, roll coat and bar coat, can be used. 
Coating by flexo printing, screen printing and offset printing 
is also possible. 

For the thickness of a layer of the film to be formed by an 
above-mentioned coating, it is preferred to control the process 
such that the thickness of the porous gel thin film to be formed 
in the gelatinization process, described later, becomes 0.1 \xm 
to 0.3 \xm, more preferably around 0.15 jam. 

Then the coated sol composition is naturally dried or heated at 
a 200°C or less temperature (for example 10 minutes, at 180°C) . 
Here the film thickness can be increased by coating the above sol 
composition again on the dried (heated) film. In this case, it 
is preferred that the film to be the substrate be dried at an 80°C 
or higher temperature. 

b. Gelatinization process of sol composition film 
Next the film formed in the above-mentioned sol composition film 
formation process is baked so that a porous gel thin film comprised 
of amorphous metal oxides, which is substantially free of residual 
organic substances, is formed. Baking is performed by heating 
for a sufficient time at a sufficient temperature for gelatinizing 
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the film of the sol composition and for removing organic substances 
from the film. 

In this embodiment, the baking temperature is preferred to be 300 
- 500°C, and more preferably 380 - 420°C. The baking time changes 
depending on the temperature and the type of furnace to be used, 
but when a degreasing furnace is used, for example, 10 - 120 minutes 
is preferred, and 15 - 60 minutes is more preferable. When a hot 
plate is used, 1-60 minutes is preferred, and 5-30 minutes 
is more preferable. By the above processes, the porous gel thin 
film is formed on the bottom electrode 14. 

c. Pre-annealing process 

Next the porous gel thin film formed in the above-mentioned process 
w b" is baked so that this film is transformed to a film comprised 
of a crystalline metal oxide film. Baking is performed at a 
temperature required for transforming the porous gel thin film 
to a film comprised of a crystalline metal oxide, but baking need 
not continue until perovskite crystals occupy most of the crystals , 
and baking can end when the gel thin film is uniformly crystallized . 
In the present embodiment, a 500 - 800°C range is preferred as 
the baking temperature, and baking at a 550 - 750°C range is more 
preferable . The baking time changes depending on the baking 
temperature and the type of the furnace to be used, but when an 
annealing furnace is used, for example, 0.1-5 hours is preferred, 
and 0.5-2 hours is more preferable. When an RTA (Rapid Thermal 
Annealing) furnace is used, 0.1 - 10 minutes is preferred, and 
1-5 minutes is more preferable . Here heating was performed using 
an RTA in an oxygen atmosphere for 5 minutes at 600°C and 1 minute 
at 725°C. 
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Also in the present embodiment, this pre-annealing process can 
be performed in 'two stages. In concrete terms, annealing is 
performed at a 500 - 600°C temperature range in the first stage, 
and then annealing is performed at a 600 - 800°C temperature range 
in the second stage. More preferably, annealing is performed at 
a 500 ~ 550°C temperature range in the first stage, and at a 600 
~ 750°C range in the second stage. By this process, the porous 
gel thin film is transformed to a film comprised of a crystalline 
metal oxide film. 

d. Repeat process 

Next the above-mentioned processes "a" and "b" are repeated 3 more 
times to laminate 4 layers of polycrystalline gel thin film, then 
[the film] is transformed to a film comprised of a metal oxide 
film by the pre-annealing process of process "c". 

If a piezoelectric thin film in (100) or (001) orientation is to 
be formed next, island-like titanium is formed on PZT by the above 
described method, and the above described processes "a", "b" and 
"c" are repeated 4 more times. 

The number of layers of the laminated film obtained after this 
repeat process may be determined considering the film thickness 
of the final PZT film 15. Here, 0.15 |im per layer is preferred. 
Needless to say, a film thickness where cracks do not occur in 
the next process (process "e") , which is described later, is 
preferred. 
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In this repeat process, a new porous gel thin film is formed on 
the previously formed film, and the newly formed porous gel film 
becomes a substantially integrated film with the previously formed 
film as a result of subsequent pre-annealing . 

The substantially integrated film is not limited to a film where 
a discontinuous layer does not exist between the laminated layers, 
but may have a discontinuous layer between the laminated layers, 
unlike the case of the PZT film which is finally obtained in the 
present embodiment. If the processes "a" and xx b" are again 
repeated, another new porous gel thin film is formed, and this 
new porous gel thin film becomes a substantially integrated film 
with the above-mentioned crystalline laminated film as a result 
of subsequent pre-annealing. 

6. Perovskite crystal growth process (final annealing) 
Next, the film obtained in the above process v 'd" is annealed at 
a baking temperature of 600 - 1200°C, and more preferably in an 
800 - 1000°C range. The baking time changes depending on the 
baking temperature and the type of furnace to be used, but when 
an annealing furnace is used, for example, 0.1 - 5 hours is 
preferred, and 0.5-2 hours is more preferable. When an RTA 
furnace is used, 0.1-10 minutes is preferred, and 0.5-3 minutes 
is more preferable. Here, this process was performed using the 
above-mentioned RTA in an oxygen atmosphere for 5 minutes at 650°C 
and 1 minute at 900°C. 

Also, in the present embodiment, this perovskite crystal growth 
process, that is, annealing, can be performed in two stages. In 
concrete terms, annealing is performed at a 600 - 800°C temperature 
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in the first stage, and then at 800 - 1000°C in the second stage. 
More preferably, annealing is performed at a 600 - 750°C 
temperature in the first stage, and at an 800 - 950°C temperature 
in the second stage. 

By the above operation, PZT, which has a grain size of 0.1 jam to 
0.5 jam and a film thickness of 1.2 \xm, comprised of columnar 
polycrystalline substances, is formed on the bottom electrode 14 . 
Next the effect of titanium on the crystallization of PZT will 
be described. This effect has been confirmed by the present 
inventor using a scanning electron microscopy (SEM) . 

In Fig. 1, island-like titanium has been formed on the grain 
boundaries of the bottom'electrode 14 by a sputtering method. The 
crystal grain size of the bottom electrode is 0.01 to 0.3 jam. It 
is possible to form the bottom electrode to be columnar crystals 
with such a crystal grain size, because platinum, which has an 
FCC structure, easily becomes columnar crystals, and the crystal 
grain size can be controlled by the film forming speed during 
sputtering . 

If forming island-like titanium crystals on the surface of the 
bottom electrode is attempted, island-like crystals of titanium 
tend to be formed on the boundaries between platinum crystals where 
the surface energy of platinum is low. At this time, a PZT crystal 
grain, which grows using titanium as the nucleus, is formed on 
a plurality of titanium crystals. 
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Fig. 3 is a schematic depicting a PZT crystal formation process 
confirmed by a scanning electron microscopy (SEM) , where (1) is 
a drawing along the height direction of the PZT crystal, and (2) 
is a drawing along the diameter (width) direction of the PZT 
crystal. Fig. 4 is its actual electron microscopic photograph, 
where columnar PZT crystals have been formed on the Pt electrode. 
The titanium crystals 14A have been formed on the grain boundaries 
of the bottom electrode crystals 14. 

If PZT is grown using titanium crystals as the nucleus, crystal 
grains of the PZT grow such that [one grain] is formed on a 
plurality of adjacent platinum crystals of the bottom electrode. 
Normally manufacturing is easy with Pt, which has a stable 111 
orientation, and if titanium seed crystals are formed on crystal 
grain boundaries which are less influenced by the orientation of 
platinum, it is possible to form PZT crystals to be columnar 
crystals with a (100) and (001) orientation, which are not 
influenced by the crystal orientation of platinum. Since a 
crystal grain of the PZT is formed on a plurality of [crystals] 
of the bottom electrode, an improvement of adhesion with the bottom 
electrode is expected. 

Fig. 5 is a chart of x-ray diffraction analysis (XRD) when a 
piezoelectric thin film PZT is formed on the bottom electrode where 
island-like titanium is formed, and Fig. 6 is a chart when the 
island-like titanium is not formed. In a comparison of Fig. 5 
and Fig. 6, when the island-like titanium is not formed, the 
orientation of the PZT film tends to have (111) orientation, and 
the piezoelectric constant is 180 pC/N. When the island-like 
titanium is formed, on the other hand, PZT tends to have a (100) 
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or (001) orientation, with a higher ratio than (111) orientation, 
and as a result, the piezoelectric constant is high, 190 pC/N. 
The piezoelectric constant here was determined from the 
displacement (strain) - voltage characteristic, and indicates the 
piezoelectric effect when the applied electric field is 250 kv/cm. 

When three more layers of the PZT layer, where island-like titanium 
is formed, are sequentially formed, and when four sequentially 
formed layers of PZT, where island-like titanium is formed, are 
crystallized, PZT crystallizes using the titanium as the nucleus 
as described above, and other PZT also crystallizes according to 
the crystal grain size and crystal structure of adjacent PZT. The 
island-like titanium between the PZT layers also controls the 
crystallization of PZT on the titanium as described above. 

The piezoelectric charge constant was determined from the 
strain-voltage characteristic of the cantilever shown in Fig. 9 
and Fig. 10. In other words, the piezoelectric constant (d 31 ) is 
calculated from measured displacement 5 which is obtained from 
the following formula, thickness H and Young's modulus YSi of the 
Si substrate, Poisson's ratio v, Young's modulus Y PZT of the 
piezoelectric film, free length L of the cantilever and applied 
voltage V. 

5 = d 31 • V • (Y PZT /Y si ) • (3L 2 /H 2 ) . ((l-v si ) / (l-v p „)) 

Since strain e and displacement 5 have the following relationship, 

strain e can be calculated. 

t is the thickness of the piezoelectric film. 



e = (H 2 / (3 (l-v si ) t L 2 ) ) -5 

Fig. 7 is an XTEM image of the piezoelectric thin film obtained 
here. According to examination by the present inventor, the 
crystal grain boundary between two adjacent crystals (grain 1 and 
grain 2) was about 5 nm or less. There were some crystal grain 
boundaries which were hardly observed . Fig. 8, on the other hand, 
is an XTEM image of a piezoelectric thin film created as a 
comparison example of the present invention. To form the film 
of this comparison example, hydrolysis was accelerated more than 
necessary by adding excessive water, which is 10 mol per 1 mol 
of PZT, in sol first, then final annealing was performed at 650°C 
for 5 minutes and at 700°C for 1 minute. According to the 
measurement by the present inventor, the crystal grain boundary 
had a 7 - 12 nm or more width. 

Then residual strain with respect to the applied electric field 
was measured for the piezoelectric thin film obtained by the 
present embodiment and for the piezoelectric thin film in Fig. 
8 as a comparison example. 

Fig. 9 and Fig. 10 are characteristic diagrams indicating the 
measurement result when the residual strain of both films were 
measured under conditions where temperature is constant and the 
electric field is gradually increased and decreased. Fig. 9 is 
a characteristic diagram of the comparison example. Fig. 10, on 
the other hand, is the result of the film created by an MOD process . 
The result of the latter film shows that residual strain decreased 
dramatically compared with former film. Decreasing residual 
strain makes the piezoelectric characteristics of the 
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piezoelectric thin f ilmof the present invention d 51 or more, making 
it possible to display almost 1.2 times piezoelectric strain 
characteristics compared with a conventional film. Residual 
strain was measured using a cantilever. Initial displacement 
when voltage is zero corresponds to residual strain. Compared 
with a piezoelectric thin film which crystal grains are uniform 
in a columnar direction, that is, crystal grain boundaries are 
formed almost at right angles to the top and bottom electrodes, 
residual strain increases" for a bulky film where crystal grain 
boundary directions are random. 

Foreign substances were tested at the grain boundaries of the 
piezoelectric thin film obtained by the present embodiment. This 
test was performed by electron beam diffraction patterns obtained 
under the conditions of the selected-area diffraction. The white 
dots shown in Fig. 11 and Fig. 12 are PZT crystals. The area shown 
in Fig. 11 and Fig. 12 corresponds to the PZT crystal grain 
boundaries, and the part enclosed by "A" in this area are foreign 
substances which have a composition different from the PZT crystal 
composition. Fig. 11 is a pattern of the comparison example, and 
Fig. 12 is a pattern of the present embodiment. It is clearly 
shown that the pattern in Fig. 12 has fewer impurities than the 
pattern in Fig. 11. 

Fig. 1 is used again for description. After ending process (b) 
in. Fig. 2, process (c) begins. In this process, the top electrode 
16, comprised of platinum with a film thickness of about 0.05 ~ 
0 . 2 jam, is formed by a sputtering method on the PZT film 15 formed 
in process (b) . 
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In this way the piezoelectric thin film component shown in Fig. 
1 was obtained. It was confirmed that the obtained PZT film 15 
has no cracks, and that the above-mentioned layer type 
discontinuity caused by lamination does not exist in the 
cross-section. 

Fig. 13 is a cross-sectional view depicting one ink-filled chamber 
of the inkjet type, .recording head where the piezoelectric thin 
film component in accordance with the present invention is used 
as an actuator. 

The inkjet type recording head in accordance with the embodiment 
3 comprises a silicon substrate 21 where the ink-filled chamber 
27 is formed, a diaphragm 22 formed on the silicon substrate 21, 
a bottom electrode formed on the diaphragm 22 at a desired position, 
a piezoelectric thin film 24 formed on the bottom electrode 23 
at a position corresponding to the ink-filled chamber 27, a top 
electrode 25 formed on the piezoelectric thin film 24 and a second 
substrate 26 bonded with the bottom face of the silicon substrate 
21, as Fig. 13 shows. 

In this inkjet type recording head, ink is supplied to the 
ink-filled chamber 27 via the ink channel, which is not illustrated. 
If voltage is applied to the piezoelectric film 24 via the bottom 
electrode 23 and the top electrode 25, the piezoelectric film 24 
deforms and applies pressure to the ink-filled chamber 27, which 
applies pressure to the ink. By this pressure, the ink is ejected 
from the nozzle, which is not illustrated, and inkjet recording 
is performed. 
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Here, this inkjet type recording head uses the above-mentioned 
piezoelectric thin film component having superb piezoelectric 
characteristics as an actuator, therefore ink can be ejected at 
a high pressure. Also the top electrode displays high 
piezoelectric characteristics when the drive voltage waveform, 
which has a higher potential than the bottom electrode, is applied . 

Although titanium was used in descriptions as the above-mentioned 
crystal source, this is not restricted, and any constituent 
element of the piezoelectric film which can be seed crystals and 
be alloyed with piezoelectric thin film, can be used in place of 
titanium. The bottom electrode is platinum [in the above 
description] , but iridium, which has the same FCC structure, can 
exhibit a similar effect. 

Also in the above-mentioned MOD process, conditions are the same 
as the sol-gel method except that the means for creating sol is 
different from the sol-gel method. In the case of mixing sol in 
the MOD process, dispersed sol is not hydrolyzed in the sol 
solution after mixing. This means that the purpose or feature 
is not to cause a sol-gel reaction more than creating dehydrated 
poly-condensation or a gel network. 

In concrete terms, monoethanol amine, which is an alkanolamine , 
is selected as a starting material of a sol solution, which 
functions as the hydrolysis inhibitor of metal alkoxide and metal 
acetate. By the function of monoethanolamine, metal alkoxide and 
metal acetate can maintain a uniform dispersion state in the sol 
solution. Since a gel network, observed in the case of the sol-gel 
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method, is not created, more homogenous crystals than the sol-gel 
method can be obtained. All processes from sol coating to the 
baking process to obtain crystals are the same as the sol-gel 
method. Instead of using the above-mentioned monoethanolamine, 
diethanolamine, triethanolamine, acetylacetone, and acetic acid 
can be used as the hydrolysis inhibitors of sol. 

As described above, the present invention can implement a 
piezoelectric thin film component which has low residual strain 
and is superb in piezoelectric strain characteristics. This 
piezoelectric thin film component can display excellent 
displacement when an electric field is applied, therefore an 
inkjet type recording head comprising this [piezoelectric thin 
film component] can increase the ink ejection volume. 



